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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including tine fee set 
forth in 37 CFR 1 .17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 27 May 
2008 has been entered. 

Status of Claims 

2. Claims 1, 2, 4-6, 9-12, 14 and 16-20 are pending in the Application. 
Claims 3, 7, 8, 13 and 15 are cancelled. 

Claims 1, 5, 10, 16 and 18 are amended. 
Claims 1,2, 4-6, 9-12, 14 and 16-20 are rejected. 

Response to Amendment 

3. Applicant's amendments and arguments filed on 27 May 2008 in response to the 

Office action mailed on 29 January 2008 have been considered but they moot in view of 
the new grounds of rejection necessitated by amendment. 
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Information Disclosure Statement 

4. The information disclosure statement filed 27 May has been fully considered by 
Examiner. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary sl<ill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 1, 2, 4, 10-12, 14 and 16-20 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Horst et al. (US Patent 6,567,892 B1), hereinafter "Horst", in view of 
Bogin et al. (US PG Publication 2004/0024971 Al), hereinafter "Bogin". 

As for claim 1 , Horst teaches a method for managing rebuild commands directed 
from a drive controller to a drive (Fig. 1 , element 110), the drive having a first non- 
volatile memory and a cache (Fig. 1 , element 132), the drive controller having a non- 
volatile second memory (Fig. 1, elements 126, 128, 180); 

enabling the cache of the drive (col. 7, lines 35-52 - the cache is 
enabled); 

recording in the second memory of the drive controller each rebuild 
command directed to the drive (the pending completion write queue (Fig. 



Application/Control Number: 1 0/805,81 1 Page 4 

Art Unit: 2188 

1 , element 170) is used to queue pending commands from the device 
driver - column 7, lines 35-45); and 

periodically causing the drive to flush its cache to cause data 
cached in the cache of the drive and associated with the rebuild 
commands to be transmitted to the first non-volatile memory of the drive 
(col. 7, lines 35-42 - the write cache is periodically flushed to the drive), 
comprising the steps of: 

maintaining a count in the drive controller of the number of 
commands stored In the second memory of the drive controller (the device 
driver queue tracks the number of commands queued in the pending 
completion write queue - col. 7, lines 35-67), and 

causing the drive to flush its cache when the count of the number of 
commands stored in the second memory of the drive controller reaches a 
predetermined threshold wherein each rebuild command directed to drive 
is at least temporarily recorded in the second memory during the period 
that the cache of the drive is enabled (the write cache is enabled to 
improve write performance, and subsequently flushed when the host runs 
out of commands (i.e. the maximum queue depth is achieved (i.e.256) - 
col. 7, lines 35-67)). 
Despite these teachings, Horst fails to teach wherein the predetermined 
threshold is less than the maximum number of commands that may be recorded in the 
second non-volatile memory of the drive controller. 
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Bogin however teaches a method and apparatus for write cache flush and fill 
mechanisms in which cache entries are flushed from the cache based on a threshold 
exceeding a "low threshold" (i.e., one lower than the maximum number of entries in the 
cache) - paragraph 0037, all lines. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention for Horst to further include Bogin's cache flushing apparatus into his own 
apparatus with activity bins for increasing the performance of disk arrays. By doing so, 
Horst could exploit the benefits of a more efficient caching system which avoids 
conventional deficiencies (e.g., lack of efficiency due to sequential operation, etc.) of 
caching as taught by Bogin in paragraphs 0009-0012, all lines. 

As for claim 10, Horst teaches a method for rebuilding storage media of a drive, 
wherein the drive is in communication with a drive controller and a write cache that may 
be selectively enabled, the method comprising: 

enabling the write cache for the drive (col. 7, lines 35-52 - the cache is 
enabled); 

transmitting one or more commands to the drive from the drive controller 
(the host (Fig. 1, element 102) sends commands to the array controller (Fig. 1 , 
element 100) - col. 5, lines 25-47); 

writing the one or more commands to a journal located in the drive 
controller (the pending completion write queue (Fig. 1, element 170) is used to 
queue pending commands from the device driver - column 7, lines 35-45); 
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providing a count of commands sent to tine drive, wlierein the count is located in 
the drive controller (commands from the host are queued in the pending completion 
write queue (i.e. the number of commands stored = the count of commands sent from 
the host -col. 7 35-67)); 

forcing the drive to flush the data in the write cache to the storage media 
(the write cache is flushed to the drives - col. 7, lines 35-52); and 

wherein the step of forcing the drive to flush data in the write cache is 
performed once the count of commands sent to the drive reaches a 
predetermined value (the write cache is enabled to improve write performance, 
and subsequently flushed when the host runs out of commands (i.e. the 
maximum queue depth is achieved (i.e.256) - col. 7, lines 35-67)). 

Despite these teachings, Horst fails to teach wherein the predetermined 
threshold is less than the maximum number of commands that may be recorded in the 
second non-volatile memory of the drive controller. 

Bogin however teaches a method and apparatus for write cache flush and fill 
mechanisms in which cache entries are flushed from the cache based on a threshold 
exceeding a "low threshold" (i.e., one lower than the maximum number of entries in the 
cache) - paragraph 0037, all lines. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention for Horst to further include Bogin's cache flushing apparatus into his own 
apparatus with activity bins for increasing the performance of disk arrays. By doing so. 
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Horst could exploit the benefits of a more efficient caching system which avoids 
conventional deficiencies (e.g., lack of efficiency due to sequential operation, etc.) of 
caching as taught by Bogin in paragraphs 0009-0012, all lines. 

As for claim 18, Horst teaches a drive controller operable to communicate with a 
drive through a communications channel, comprising: 

a first memory for recording commands transmitted from the drive 
controller to the drive during a period that the drive is being rebuilt (the first 
memory is depicted in Fig. 1, elements 126, 128 and 180, the pending 
completion write queue (Fig. 1, element 170) is used to queue pending 
commands from the device driver - column 7, lines 35-45); 

a second memory for storing a count of the commands recorded in the 

first memory (the device driver's queue functions as a counter by issuing 
commands to the pending completion write queue until it reaches its maximum 
depth (i.e. 256) - col. 7, lines 35-67); 

wherein, during the period that the drive is being rebuilt, the drive 
controller is operable to enable the write cache of the drive and cause the drive 
to flush the data in a write cache of the drive when the count of the commands 
reaches a predetermined threshold (the write cache is enabled to improve write 
performance, and subsequently flushed when the host runs out of commands 
(i.e. the maximum queue depth is achieved (i.e.256) - col. 7, lines 35-67). 



Application/Control Number: 1 0/805,81 1 Page 8 

Art Unit: 2188 

Despite these teachings, Horst fails to teach wherein the predetermined 
threshold is less than the maximum number of commands that may be recorded in the 
second non-volatile memory of the drive controller. 

Bogin however teaches a method and apparatus for write cache flush and fill 
mechanisms in which cache entries are flushed from the cache based on a threshold 
exceeding a "low threshold" (i.e., one lower than the maximum number of entries in the 
cache) - paragraph 0037, all lines. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention for Horst to further include Bogin's cache flushing apparatus into his own 
apparatus with activity bins for increasing the performance of disk arrays. By doing so, 
Horst could exploit the benefits of a more efficient caching system which avoids 
conventional deficiencies (e.g., lack of efficiency due to sequential operation, etc.) of 
caching as taught by Bogin in paragraphs 0009-0012, all lines. 

As for claims 1 1 and 14, Horst teaches the drive controller as being operable to 
clear its first memory following the indication of the successful flushing of data in the 
write cache of the associated drive (the pending complete write queue is cleared once 
flush is complete - col. 7, lines 35-53). 

As for claims 2 and 12, Horst teaches disabling the write cache of the drive 
following the successful rebuild of the drive (the write cache is enabled to queue 
commands prior to the flush operation - col. 7, lines 35-52; the cache is therefore 
disabled upon the completion of a successful rebuild of the drive once the flush is 
complete)). 
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As for claim 4, Horst teaches clearing the second memory and the count 
following the successful flushing of the cache to the first non-volatile memory (col. 7, 
lines 35-42 - the data is flushed to the cache) 

As for claim 16, Horst teaches clearing the journal after the drive flushes all data 
in the write cache and transmits a message indicating that the cached data was written 

to the storage media (col. 7, lines 35-67 - the host receives the completion interrupts 
after the cache was flushed to indicate the data has been flushed, therefore the journal 
may be cleared) 

As for claim 17, Horst teaches the journal as being comprised of non-volatile 
memory (Fig. 1, elements 126, 128 and 180 comprise non-volatile memory). 

As for claim 19, Horst teaches the drive controller as being operable to disable 
the write cache of the drive following the successful rebuild of the drive (the write cache 
is enabled to queue commands prior to the flush operation - col. 7, lines 35-52; in other 
words, it is operable to disable the cache upon the completion of a successful rebuild of 
the drive once the flush is complete). 

As for claim 20, Horst teaches the first memory as comprising a non-volatile 
memory (the first memory (Fig. 1 , element 126, 128, 180) comprises ROM memory for 
example (Fig. 1, element 126)). 

6. Claims 5, 6 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Horst (US Patent 6,567,892 B1) and Wu et al. (US PG Publication 2004/011 7579 
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A1 ), hereinafter "Wu" and in further view of Bogin (US PG Publication 2004/0024971 
A1). 

As for claim 5, Horst teaches a storage array, comprising: 
multiple drives (Fig. 1, elements 110), 

a write cache for caching data associated with write commands received 
by the drive (Fig. 1, element 132); and 

drive controller (Fig. 1 , element 120), wherein the drive controller is 
associated with and coupled to a drive of the storage array, wherein the drive 
controller comprises a first memory ((Fig. 1, elements 126, 128 and 180), 
wherein the first memory is operable to store a history of write commands 
transmitted from each drive controller to its associated drive (the pending 
completion write queue (Fig. 1, element 170) is used to queue pending 
commands from the device driver - column 7, lines 35-45)); and 

wherein each drive controller is operable to manage the rebuild of its 
associated drive by: 

enabling the write cache for the drive (col. 7, lines 35-52 - the 

cache is enabled); 

recording each write command sent to the drive in the first memory 

(the pending completion write queue (Fig. 1, element 170) Is used to 

queue pending commands from the device driver - column 7, lines 35-45); 

periodically causing the drive to flush the data in the write cache of the 

drive (data is flushed to the drive - col. 7, lines 35-67); and 
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disabling tlie write caclie for tine drive upon tine successful completion of 
the rebuild of the drive (the write cache is enabled to queue commands 
prior to the flush operation. The cache is disabled once the flush occurs - 
col. 7, lines 35-52); 

a second memory for recording the number of commands stored in 
the first memory (the device driver queue tracks the number of commands 
queued in the pending completion write queue - col. 7, lines 35-67), and 
wherein each drive controller is operable to cause its associated drive to 
flush the data In the write cache when the number of commands stored in 
the first memory reaches a predetermined threshold (the write cache is 
flushed when the host runs out of commands (i.e. the maximum queue 
depth is achieved (i.e.256) - col. 7, lines 35-67)). 
Despite these teachings, Horst fails to teach each drive as comprising a write 
cache (rather Horst teaches only one write cache in the array controller), and each drive 
controller as comprising a first memory (rather Horst teaches his one array controller as 
comprising a first memory). Horst further fails to teach each drive controller as 
comprising a second memory. Horst however does teach an embodiment where a 
single disk drive and controller unit can be used in place of the array controller (I.e. all 
the structural elements of the array controller as presently depicted in Fig. 1 are 
contained within a single disk controller which is solely responsible for serving one disk 
drive - col. 5, lines 1 2-24). Despite these teachings, Horst fails to teach multiple 
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controllers, wherein each controller is associated with a drive as presently recited by 
Applicant. 

Wu however teaches system and method for implementing shared memory 
regions in distributed shared memory systems, wherein each drive controller (Fig. 1, 
elements 14A and 14B), is associated with a single drive (Fig. 1, elements 16A and 
16B) - paragraph 0032, all lines. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention for Horst to further include Wu's system for implementing shared memory 
regions in distributed shared memory systems. By doing so, Horst would be able to 
exploit the benefits of cache mirroring and write cache coherency, which in turn would 
improve his system's overall reliability as taught by Wu in paragraphs 0007 and 0008, 
all lines. 

Further despite these teachings, Horst fails to teach wherein the predetermined 
threshold is less than the maximum number of commands that may be recorded in the 
second non-volatile memory of the drive controller. 

Bogin however teaches a method and apparatus for write cache flush and fill 
mechanisms in which cache entries are flushed from the cache based on a threshold 
exceeding a "low threshold" (i.e., one lower than the maximum number of entries in the 
cache) - paragraph 0037, all lines. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention for Horst to further include Bogin's cache flushing apparatus into his own 
apparatus with activity bins for increasing the performance of disk arrays. By doing so. 
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Horst could exploit the benefits of a more efficient caching system which avoids 
conventional deficiencies (e.g., lack of efficiency due to sequential operation, etc.) of 
caching as taught by Bogin in paragraphs 0009-0012, all lines. 

As for claim 6 Horst teaches the drive controller as being operable to clear its first 
memory following the indication of the successful flushing of the data in the write cache 
of the associated drive (the pending complete write queue is cleared once flush is 
complete - col. 7, lines 35-53). 

As for claim 9, Horst teaches the first memory as being non-volatile (Fig. 1 , 
elements 126, 128 and 180 comprise non-volatile memory). 

Response to Arguments 

7. Applicant's arguments have been fully considered, however they are rendered 
moot in view of the new grounds of rejection presented above. 

Conclusion 

8. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Craig E. Walter whose telephone number is (571 ) 272- 
8154. The examiner can normally be reached on 8:30a - 5:00p M-F. 

9. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Hyung S. Sough can be reached on (571) 272-6799. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 
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1 0. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Craig E Walter/ 

Patent Examiner, Art Unit 2188 
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